Oligomer mixtures were applied to a PAGE gel containing 0.1% SDS without boiling. The gel was analyzed by a fluorescent image analyzer with 470 nm-excitation and 530 nm-emission filters.
. Design of the charge variants of GFP monomer. a, Ribbon cartoon diagrams of the charge variants of GFP monomer. The GFP 11 strand is shown in blue. Substituted residues are shown in red, and mutations are indicated with arrows. b, Protein sequences of GFP monomer with net charges of -5, -7, -9 and -15. Blue, GFP 11; underlined, peptide linker; red, mutated residues. Figure 3 . SEC analysis of GFP oligomer charge variants. GFP oligomers with net charges of -5 (a), -7 (b), -9 (c) and -15 (d) were analyzed using a superdex 200 column (10/300 GL).
Supplementary

Supplementary Figure 4. Partial purification of GFP oligomers by affinity chromatography.
GFP oligomers (net charge of -3) were eluted from a Ni-chelating column with elution solutions containing imidazole from 100 mM to 450 mM. Samples (without boiling) were analyzed by SDS-PAGE. The gel was analyzed by a fluorescent image analyzer with 470 nm-excitation and 530 nmemission filters. Figure 5 . TEM images of partially purified GFP polygons with a net charge of -3 (wild type). a, Mixtures of GFP polygons (net charge -3, wild type) were partially purified by the electro-elution method and analyzed by SDS-PAGE (without boiling). b, TEM images of purified GFP polygons from fraction #1 to fraction #5. For fractions #4 and #5, polygonal GFP oligomers with more than 10 GFP monomers were also observed. Figure 7 . Fluorescence emission spectra of di-, tri-, tetra-, penta-and hexamer of GFP polygons. Fluorescence emission profiles of GFP polygons with various oligomeric states (constant monomer concentration) were monitored with excitation at 460 nm. Figure 5b in the main text. More homogeneous interaction between Fc domain and protein G was expected, and binding curves of Fc domain were more similar to the simulated curves ( Supplementary Figure 19a ) than those of human IgG. (b) . a, 150 nM of protein G was applied to surface-bound human IgG. Association (180 sec) and dissociation (320 sec) phases were simulated with an association constant (k on ) 1 × 10 5 (M -1 s -1 ) and dissociation constants (k off ) 10 -2 , 10 -5 , and 10 -6 (s -1 ). b, 300 nM of protein G was applied to surface-bound mouse IgG1. Association (180 sec) and dissociation (320 sec) phases were simulated with an association constant (k on ) 0.5 × 10 5 (M -1 s -1 ) and dissociation constants (k off ) 10 -1 , 10 -3 , and 10 -5 (s -1 ). The units are relative response units (RU/RU max 
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Supplementary Figure 19. Simulated SPR binding curves of multivalent protein G polygons with surface-bound human IgG (a) and mouse IgG
Supplementary Figure 20. Confocal microscopy analysis of internalization of antibody-receptor clusters by protein G polygons with various valency. A549 cells were sequentially treated with
Cy5-Erbitux (10 μg ml -1 ) and protein G-fused GFP polygons (10 μg ml -1 ) with various valency or free protein G (10 μg ml -1 ). Erbitux alone or Erbitux-protein G bounded cells were incubated for 30 min at 37 °C, and receptor internalization was monitored by confocal microscopy. Cy5-Erbitux, red; protein G-polygon, green.
Supplementary Figure 21. Non-specific interactions of protein G polygons on cell surfaces.
A549 cells were treated with protein G polygons (10 μg ml -1 ) and incubated for 30 min at 37 °C. Nuclei were stained with DAPI. Protein G polygons (green) and DAPI (blue) were monitored using confocal microscopy. Figure 22 . Flow cytometry analysis of antibody-mediated receptor internalization after 180 min. Erbitux or Erbitux-protein G bounded cells were incubated for 180 min at 37 °C. Internalization of Cy5-Erbitux was quantified by flow cytometry, and relative fluorescence intensities are given in the cytometry profile data. 
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MCherry, protein G and MBP fused GFP monomer
Protein fusions are shown in blue. Linkers are in underlined. 
MCherry-GFP monomer
